Objective: It was to report on Brazilian cases of neurological complications from bariatric surgery. The literature on the subject is scarce. Method: Cases attended by neurologists in eight different Brazilian cities were collected and described in the present study. Results: Twenty-six cases were collected in this study. Axonal polyneuropathy was the most frequent neurological complication, but cases of central demyelination, Wernicke syndrome, optical neuritis, radiculits, meralgia paresthetica and compressive neuropathies were also identified. Twenty-one patients (80%) had partial or no recovery from the neurological signs and symptoms. Conclusion: Bariatric surgery, a procedure that is continuously increasing in popularity, is not free of potential neurological complications that should be clearly presented to the individual undergoing this type of surgery. Although a clear cause-effect relation cannot be established for the present cases, the cumulative literature on the subject makes it important to warn the patient of the potential risks of this procedure.
The cost of obesity in the United States of America is estimated to be of the order of 100 billion dollars a year while circa 300,000 individuals die of obesity-related disorders annually in that country 1 . Clinical treatment for weight loss and weight control is difficult for many reasons, and perhaps the most important of them is the lifestyle and attitudes that led the person to gain so much weight. Changing one's lifestyle requires determination and motivation, and results will take a long time to be noticeable 2 . Bariatric surgery has appeared as an interesting option for those with severe/morbid obesity, frequently with other associated risk factors. As a rule, bariatric surgery can only be performed following strict recommendations, although it is a well-known fact that many overweight individuals who are willing to pay for the procedure, can have the surgery performed without following the strict guidelines.
Little, if anything, is discussed with the patient in relation to the potential neurological complications of this procedure 3 . The initial case series description of 23 patients with neurological complications was made by Abarbanel et al. 4 and dates from 1987. It includes cases of polyneuropathy, burning feet syndrome, meralgia paresthetica, myotonic syndrome, myelopathy and Wernicke-Korsakoff encephalopathy. Since then, several other cases have been described and, 20 years later, Juhasz-Pocsine et al. 5 described another case series with 26 patients presenting encephalopathy, optic neuropathy, myelopathy, polyradiculoneuropathy and polyneuropathy. In a comprehensive review on the subject, Berger 6 listed the following possible complications of bariatric surgery: encephalopathy, behavioral abnormalities, seizures, cranial nerve palsies, ataxia, myelopathy, plexopathies, peripheral neuropathy, mononeuropathies, myopathy and myotonia.
The aim of the present paper was to highlight the potential neurological complications of bariatric surgery, a procedure that is continuously increasing in popularity. Classical and new forms of neurological manifestations in patients submitted to this surgery are presented and discussed in the light of the world literature on the subject.
METHODS
The present study was approved by the Ethics Committee of Universidade Metropolitana de Santos, Santos, SP. All other institutions participating in the study obtained separate authorizations for including cases in this report. Patients' confidentiality was assured by identification only by gender and age, without city of origin, patient's name or initials and/or photos.
A case of central nervous system demyelination following bariatric surgery was presented during a medical congress in Brazil in 2011. A group of neurologists and other health professionals in the area then decided to collect and report on their cases of neurological complications of bariatric surgery. Data collection occurred between March and April 2012.
The report was essentially descriptive and, therefore, no statistical analysis was performed.
RESULTS
Twenty-six cases (19 females and 7 males; average age=42 years; range 27-61 years) were collected from seven teaching neurological units in Brazil. A summary of these cases is shown in Table. The time elapsed between the surgical procedure and the onset of neurological signs and symptoms ranged from 10 days to 13 years. The most frequent neurological complication of bariatric surgery in this series of patients was axonal polyneuropathy (n=10; 38.5% of cases), manifested between 45 days and 13 years after the surgical procedure, and usually associated with low levels of vitamin B12 (even in some patients who were taking vitamin B12 supplementation after surgery). One of the cases of peripheral neuropathy showed chronic denervation and signs of reinnervation of long evolution, and was confounded with amyotrophic lateral sclerosis.
Among the cases of peripheral neuropathies, other syndromes were identified. As a consequence of nerve compression occurring in cases of fast weight loss and the habit of crossing legs, peroneal mononeuropathy was identified in three cases. All of these cases showed partial or complete recovery with vitamin B12 supplementation and refraining from leg-crossing. There were two cases of meralgia paresthetica, and neither of them showed any improvement in the intensity of pain despite treatment. One case of acute brachial neuropathy and acute brachial radiculitis, known as the Parsonage-Turner syndrome, was also identified.
Another relatively frequent neurological observation was demyelination of the central nervous system (clinically manifested as multiple sclerosis relapse or multiple sclerosis-like attack), affecting five patients. Magnetic Resonance Image (MRI) in four of these cases fulfilled the diagnostic criteria for multiple sclerosis. One of them was already a patient with multiple sclerosis, and two new cases are now undergoing treatment with beta interferon. Furthermore, three cases presented rapidly progressing tetraparesia, with electrophysiological signs of motor neuron disease. Whether nutritional deficiencies might be responsible for these central nervous system manifestations remains to be clearly established.
Other isolated cases included two patients with optic neuritis, Wernicke syndrome, paraparesis with normal electrophysiological studies and magnetic resonance images of the brain and spinal cord. In three patients, an association of peripheral and central nervous system involvement was identified. Low levels of vitamins and other nutrients were not detectable in all patients because several of them were referred to the neurologist already using high doses of dietary supplements. In 12 cases, there were clear deficiencies of vitamins and nutrients (particularly copper), while in others the replacement may have masked the underlying condition of nutritional deficits.
The severity of the post-operative complication is clear since, as shown in Table, only 20% of all patients showed complete recovery from the neurological signs and symptoms.
DISCUSSION
The wide dissemination of bariatric surgery and the even more flexible criteria for patients' inclusion have led to some iatrogenic neurological complications, mainly related to nutritional deficits and dysfunctions. Fast and significant weight loss is usually associated with malabsorption of important nutrients, but the quick results seen by the patients may mask the potential unacceptable metabolic changes they could suffer. The idea that bariatric surgery is the alternative to balanced diets and drastic changes in lifestyle is attracting more and more obese patients to undergo such surgical procedures. Chronic peripheral neuropathies are described as the most frequent neurological complication in patients who underwent bariatric surgery for weight loss 7 . These neuropathies can be presented as sensitive-motor polyneuropathy 8 , mononeuropathy 9 or radiculoplexopathy 10 . This condition, although typical of patients operated many years earlier 8 , can also happen over the short term, as shown in several of the cases in the present series, in which these neuropathies were also very prevalent.
The rate of neurological complications following bariatric surgery has been estimated to range from 4.6 to 16% 11 , since some cases are subclinical. Most papers on the subject report polyneuropathy and mononeuropathies, Wernicke's encephalopathy, Guillain-Barré syndrome, behavioral abnormalities, seizures, cranial nerve palsies, ataxia, myelopathy, plexopathies, myopathy, myotonia and rhabdomyolysis [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . The present study adds a list of Brazilian cases showing several forms of neurological complications from bariatric surgery. In addition to the classical abovementioned complications, five cases of central nervous system demyelination and three cases of motor neuron disease presentations represented potential Table. Summary of clinical data of patients submitted to bariatric surgery who present neurological symptons and signs that were attributed to be complications from the procedure.
